In the past, acute experiments in anesthetized animals provided most of the information concerning fetal physiology. Acute experiments are useful in defining those physiologic properties that are not affected by surgical trauma and anesthesia. For example, the analysis of transplacental diffusion in anesthetized sheep has led to the conclusion that the sheep placenta simulates a concurrent system of exchange.1 It is unlikely that the abnormal state of the preparation might invalidate the extrapolation of this conclusion to the normal animal. On the other hand, many important physiologic measurements are affected by surgical trauma and anesthesia to such an extent that extrapolation to the normal animal is not warranted. A good example of this category is fetal acid-base balance. In 1934, experiments on goats under chloralose anesthesia led Keys' to to increase the frequency with which one can obtain a chronic preparation with catheters patent to the withdrawal of blood from the uterine and umbilical veins.
The present report describes the procedure of chronic uterine and umbilical vein catheterization currently used in our laboratory and presents data on the acid-base balance and oxygenation of nine sheep which were submitted to this procedure.
MATERIALS AND METHODS
Nine sheep were used in the study of fetal oxygenation and acid-base balance. With one exception (animal #33, heterozygous AB carrier), these ewes were homozygous hemoglobin B carriers. vein was closed around the catheter with a #3-0 silk ligature. Then, with the left hand pulling gently on the horn, the right hand was used to palpate the catheter in the vessel from the point of insertion down into the abdominal cavity. At times, this maneuver revealed that the catheter was coiled at some point along the vein. In that case, the catheter was unwound by pinching the coil, withdrawing the catheter up to the point of coiling and rethreading. Final positioning of the catheter was obtained by palpating the catheter within the vessel at about 16 cm. below the point of insertion and withdrawing it until the tip could be palpated. Then the vein was lifted in order to visualize the location of the tip. If the tip was not in the main venous trunk, the catheter was advanced approximately 2 cm. farther. The catheter was secured in place by sliding a drop of tissue adhesive (isobutyl-2-cyanoacrylate monomer; Ethicon, Somerville, N.J.) down the catheter on the suture around the vein. A second ligature was placed approximately 4 cm. from the incision to tie the catheter to the uterine wall and was likewise cemented with tissue adhesive. The incision on the uterine wall was closed with a continuous silk suture.
Catheterization of the umbilical vein. The placental cotyledons in the uterine horn were palpated in order to select an area which was approximately between the last two distal cotyledons of average size and the body of the uterus (the word distal is used with reference to the fetus). In this area a 2.5 cm. incision of the uterine muscle was made on the lateral side of the horn in a direction perpendicular to its long axis starting from the edge of the large curvature. The richly vascularized mucosa was then incised and the chorion exposed. Bleeding was controlled by pinching together the incised area and the medial surface of the horn. As the pressure was released, the border of the incision was cauterized. The index finger was introduced through the incision in order to palpate the main umbilical vessels in this region (ordinarily the main vessels consist of one vein and one artery running in close proximity parallel to the long axis of the horn). By pressing inward the region of the small curvature directly opposite the main vessels, they were brought to the surface of the incision. The chorionic and allantoic membranes covering the vessels were cut open and two silk ties lubricated with silicone oil were passed around the vein. The distal ligature was tied, the vein was compressed to prevent back bleeding, incised between the two ties and catheterized. Accidental curling of the catheter within the vein or threading down a side branch was avoided by inserting the catheter in the vessel stepwise, about 5 cm. each step, and observing that there was no resistance to each advancement of the catheter and that the catheter had no tendency to spring back when the forward thrust was released. Aim of the catheteriza-tion was to place the tip of the catheter 2 to 4 cm. distal to the placental attachment of the cord. In a horn of average size, this positioning requires the insertion of about 18 cm. of catheter. The ligature around the vein was tied and the catheter glued to the vein with a drop of tissue adhesive, as described for the uterine vein. The edges of the incision in the fetal membranes were pulled together and tied around the catheter. The incision on the uterine mucosa and muscle was closed with a continuous #3-0 silk suture. About 3 cm. from the incision a ligature and a drop of tissue adhesive were used to fix the catheter to the uterine wall.
The free end of each catheter was closed with a metal pin and brought out the flank of the animal through a subcutaneous tunnel, as previously described. Post-operative care
Immediately after the operation the animals had free access to food and water. Antibiotics (0.5 gram streptomycin; 600,000 units penicillin daily) were given to the mother the day of the operation and the following three days. The anticoagulant in the catheters was renewed daily, preferably by letting the old anticoagulant drip off first and then injecting approximately 1 ml. of the heparinized saline. During weekends the catheters were left untouched for 48 hours. During manipulation of the catheters for the purpose of renewing the anticoagulants, the free end was kept clean by wiping it with gauze soaked in 70% ethyl alcohol in water.
Blood analysis
Two ml. blood samples were drawn in 2.5 ml. glass syringes lubricated with silicone oil. The dead space of the syringes was filled with heparinfluoride solution (1%go NaF in heparinized saline). All samples were analyzed for Po2, pH, and 02 saturation. In animals #260, 29, 33, and 11, the samples were analyzed also for Pco2, standard bicarbonate and 02 capacity. The Po2, Pco2, and pH were measured at 39.50 C. determined by optical density measurements at two wave lengths with the Radiometer oxygen saturation meter type OSM 1 on hemolyzed packed red cells. At low saturations the instrument was calibrated by gas chromatographic determinations of 02 content and capacity. Hemoglobin concentrations were determined colorimetrically by the cyanmethemoglobin method. The method was standardized with blood samples of known 02 capacity.
Experimental scheme
Each set of samples consisted of one uterine vein and one umbilical vein sample drawn simultaneously. The timing for obtaining blood was different in the nine animals. In five of them, the daily samples consisted of five sets of samples drawn at intervals of 10 minutes. These observations were used as controls for subsequent experimental procedures, hence the paucity of prolonged observations in the animals. In the remaining four ewes only one set of samples per day was drawn, but the period of daily observations was extended as long as both catheters were patent. This information and other pertinent data are summarized in Table 1 .
RESULTS

Reliability of the surgical technique
In the past year, the placement of an umbilical vein catheter for a variety of experimental purposes was performed in our laboratory in 48 sheep. In 36 of these, (75%), the umbilical vein catheter was patent to the withdrawal of blood for three days or more after surgery. In the last six consecutive animals that were prepared according to the procedure described in this paper, both umbilical and uterine veins were freely patent to the withdrawal of blood for three days or more after surgery.
There was no detectable reaction of the uterine and umbilical veins to the prolonged presence of a silicone-lubricated, sterile, polyvinyl catheter in their lumen (see Figures #2 and #3 ). This absence of reaction explains the capability of some chronic preparations to perform satisfactorily for as long as 36 days after surgery.8
Results of blood analysis The data on Po2, 02 saturation, and pH are presented in Table #2 . The data on standard bicarbonate and Pco2 are given in Table #3 . All data are presented as arithmetic means + standard error. The arithmetic mean of pH is the negative logarithm of the geometric mean of hydrogen ion activity. Due to the small range of variability of our data, the calcula- 
DISCUSSION
A preparation with chronically indwelling catheters in the uterine and umbilical veins may fail to perform for several reasons: (a) the catheter may curl within a large vessel with subsequent obstruction of flow and massive clotting, (b) the tip of the catheter may lodge in a small branch of the main vein or against its wall, (c) the vessel may react to the presence of the catheter by constriction and endothelial thickening, (d) the catheter may slip from the vessel, (e) the ligature around the umbilical catheter may occlude a large terminal branch of the cord and impair significantly the placental circulation. The details given in this paper concerning the preparation of the catheters, the site of insertion and the positioning of the catheter's tip within the vein were found to be useful in obviating these causes of failure.
A review of the literature on fetal physiology demonstrates that pregnant animals under acute experimental conditions may have distinctly different types of acid-base balance. This variability of results has generated some discordant inferences concerning the normal physiologic state of a fetus in utero. The results presented in this paper show conclusively that the umbilical vein blood of a good chronic preparation has a standard bicarbonate concentration approximately equal to that of a normal adult animal. This fact disproves the hypothesis of a normal fetal metabolic acidosis. It should be emphasized that the similarity between maternal and fetal plasma bicarbonate concentrations is not due to rapid equilibration of HCO3-and Cl-ions across the placenta."9 In eight of the nine animals listed in Table 2 the pH of arterialized fetal blood was circa 0.05 pH units less than the pH of uterine vein blood. Given the similar values of standard bicarbonate in maternal and fetal blood, the fetal pH should be lower because the umbilical vein Pco2 is consistently higher (circa 5 mmHg according to the data in Table 3 ) than the uterine vein PCo2. Thus, with reference to normal maternal blood, the acid-base balance of these fetuses could be described as that of a mild respiratory acidosis. Table 2 documents for the first time the variability of Po2, 02 saturation and pH in the umbilical vein of the chronic sheep preparation. The intra and inter-individual variability of pH appears to be as narrow as the variability in the healthy adult animal at rest. This narrow range of variability is in sharp contrast with the large range observed in acute preparations. According to Dawes,' The method currently used in our laboratory for the chronic withdrawal of uterine and umbilical vein blood samples in sheep is described. Nine sheep were prepared according to this method and blood samples were taken in the post-operative period. The samples were analyzed for oxygen pressure and saturation, pH, CO2 pressure, and standard bicarbonate concentration. In these chronic preparations, (a) the fetal level of standard bicarbonate was equal to that of a non-stressed, normal adult animal, (b) the average umbilical vein pH was 7.37, (c) the range of intra and interindividual variability of fetal standard bicarbonate and pH was narrow and comparable to that of the mother, (d) the oxygen pressures and saturations in the uterine and umbilical vein varied from animal to animal over a physiologically significant range.
